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Knowledge  and  Understanding  in  Human  Learning 

Knowledge  and  Understanding  in  Human  Learning  (KUL)  is  an  umbrella  term  for  a 
loosely  connected  set  of  activities  lead  by  Stellan  Ohlsson  at  the  Learning  Research 
and  Development  Center,  University  of  Pittsburgh.  The  aim  of  KUL  is  to  clarify  the 
role  of  world  knowledge  in  human  thinking,  reasoning,  and  problem  solving.  World 
knowledge  consists  of  concepts  and  principles,  and  contrasts  with  facts  (episodic 
knowledge)  and  with  cognitive  skills  (procedural  knowledge).  The  long  term  goal  is  to 
answer  six  questions:  How  can  the  concepts  and  principles  of  particular  domains  be 
identified?  How  are  concepts  and  principles  acquired?  How  can  the  acquisition  of 
concepts  and  principles  be  assessed?  How  are  concepts  and  principles  encoded  in  the 
mind?  How  are  concepts  and  principles  utilized  in  performance  and  learning?  How 
can  instruction  facilitate  the  acquisition  and  utilization  of  concepts  and  principles  (as 
opposed  to  episodic  or  procedural  knowledge)?  Different  methodologies  are  used  to 
investigate  these  questions:  Psychological  experiments,  protocol  studies,  computer 
simulations,  historical  studies,  semantic,  logical,  and  mathematical  analyses, 
instructional  intervention  studies,  and  so  on.  A  list  of  KUL  reports  appear  at  the  back 
of  this  report. 
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Abstract 

Restructuring  consists  of  a  change  in  the  representation  of  the  current  search 
state,  a  process  which  breaks  an  impasse  during  problem  solving  by  opening  up  new 
search  paths.  A  corpus  of  52  think- aloud  protocols  from  the  domain  of  geometry  was 
scanned  for  evidence  of  restructuring.  The  data  suggest  that  restructuring  is 
accomplished  by  re-parsing  the  geometric  diagram. 
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Introduction 

A  wide  variety  of  problem  solving  processes  have  been  analyzed  in  terms  of 
heuristic  search  (Newell  &  Simon,  1972).  For  example,  in  geometry  proofs  the 
geometric  theorems  (operators)  are  applied  to  the  mental  representation  of  the 
diagram  (the  knowledge  state)  until  the  desired  proposition  (the  goal  state)  has  been 
attained  (Anderson,  1981).  The  stepwise  character  of  heuristic  search  contrasts  with 
the  Gestalt  hypothesis  that  problem  solving  proceeds  through  (a)  an  initial, 
unsuccessful,  attack  on  the  problem,  (b)  a  more  or  less  protracted  impasse,  and  (c)  a 
restructuring  of  the  problem,  which  is  typically,  but  not  necessarily,  followed  by 
insight  (Ohlsson,  1984a). 

Several  attempts  have  been  made  to  reconcile  the  information  processing  and 
Gestalt  hypotheses.  Simon  (1966)  proposed  that  it  helps  to  sleep  on  a  problem, 
because  goal  tree  information  is  forgotten  faster  than  problem  information.  After  a 
pause,  a  new  goal  tree  is  built  on  the  basis  of  more  knowledge  about  the  problem. 
Langley  and  Jones  (1988)  interpret  an  impasse  as  a  failure  to  retrieve  the  relevant 
problem  solving  operator.  Insight  occurs  when  some  external  stimulus  causes  enough 
activation  to  spread  to  that  operator  to  allow  its  retrieval.  A  related  hypothesis 
claims  that  insight  occurs  when  an  appropriate  analogy  is  retrieved  (Keane,  1988). 
Both  the  differential  rate  of  forgetting  hypothesis  and  the  spread  of  activation 
hypothesis  require  that  the  problem  solver  moves  attention  away  from  the  problem, 
and  so  cannot  explain  insight  during  ongoing  problem  solving.  Greeno  and  Berger 
(1987)  have  proposed  that  insights  occur  when  a  problem  solver  breaks  an  impasse  by 
constructing  new  functional  knowledge,  i.  e.,  new  problem  solving  operators.  A  new 
operator  is  constructed  by  inferring  that  an  object  can  fulfill  a  particular  function,  e. 
g.,  that  a  screwdriver  can  be  used  to  complete  an  electric  circuit.  This  follows  from  the 
fact  that  the  screwdriver  is  made  of  metal,  in  conjunction  with  the  general  principle 
that  metallic  objects  conduct  electricity.  Several  researchers  have  proposed  that 
problem  representations  can  be  improved  by  the  construction  of  macro-operators 
(Amarel,  1968;  Korf,  1985).  Koedinger  and  Anderson  (in  press)  have  proposed  the 
related  idea  that  geometry  experts  combine  geometric  theorems  into  larger  inference 
schemas,  called  diagram  configuration  schemas,  which  allow  them  to  find  a  proof 
without  step-by-step  search  of  the  proof  space.  The  macro-operator  and  diagram 
configuration  hypotheses  explain  expert  performance,  but  they  do  not  explain 
insights  by  novices.  All  of  these  hypotheses  locate  restructuring  in  the  processes  of 
problem  solving. 

In  contrast,  I  have  proposed  that  restructuring  involves  a  change  in  the  mental 
representation  of  the  current  search  state  (Ohlsson,  1984b).  A  change  in  the 
representation  implies  that  objects,  relations,  and  properties  which  initially  are  seen 
as  instances  of  certain  concepts  are  being  re-encoded  as  instances  of  other  concepts. 
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Results 

The  protocols  were  scanned  for  the  occurrence  of  restructuring  events.  Ten  such 
events  were  found.  The  three  most  informative  events  will  be  analyzed  below.  They 
illustrate  deliberate  restructuring,  goal  driven  restructuring,  and  restructuring  in 
response  to  a  hint. 

Case  1:  Deliberate  restructuring.  Subject  S3  was  given  the  problem  in  Figure  1 
after  she  had  studied  Theorems  1-5  (see  Table  1).  She  began  by  proving  that  triangles 
AED  and  BEC  are  congruent,  and  then  entered  an  impasse.  In  fragments  F65-F67 
(see  Table  2)  she  deliberately  sets  out  to  see  the  problem  from  many  viewpoints.  The 
process  of  restructuring  proceeds  through  three  steps.  First,  she  mentally  cuts  the 
figure  along  the  diagonal  CA,  forming  the  triangles  CDA  and  CBA  (F68-F70).  She 
then  mentally  cuts  the  figure  along  the  other  diagonal,  forming  the  triangles  DCB 
and  DBA  (F71-F74).  Finally,  she  keeps  one  triangle  from  each  pair,  as  it  were,  and 
sets  herself  the  task  of  proving  them  congruent  (F75-F77).  Figure  2  gives  a 
diagrammatic  analysis  of  the  process.  The  geometric  objects  perceived  by  the  subject 
are  drawn  in  bold  lines,  while  the  rest  of  the  diagram  is  drawn  in  broken  lines. 
Restructuring  was  not  followed  by  insight  in  this  case.  The  subject  worked  on  the 
problem  for  twelve  minutes  without  solving  it. 


Table  2.  Protocol  excerpt  from  Subject  S3. 


F65.  but  perhaps  one  can  see  this  in  some  other  way  also 

F66.  one  can  perhaps  see  this  from  many  viewpoints  here 

F67.  now  we  shall  see 

F68.  one  can  see  it  as 

F69.  CDA  and  CBA 

F70.  triangles 

F71.  one  can  see  it  on 

F72.  DCB  and  DBA  instead 

F73.  yes  exactly  yes 

F74.  those  two 

F75.  well 

F76.  now  I  can  see  this  in  another  way 

F77.  CDB  and  CAD  ought  to  be  congruent  here  in  some  way 
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Case  2:  Goal-driven  restructuring.  SI  was  given  the  problem  in  Figure  1  as  his 
first  problem  after  studying  Theorems  1-5  (see  Table  1).  SI  misunderstood  the  goal  of 
the  problem  to  be  to  prove  that  angle  ADC  is  congruent  to  angle  BCD.  When  the 
protocol  excerpt  in  Table  3  begins,  he  has  proved  that  angles  EDA  and  ECB  are 
congruent  by  proving  them  corresponding  parts  of  the  congruent  triangles  EDA  and 
ECB.  He  then  sets  himself  the  goal  of  proving  that  the  remaining  parts ,  i.  e.,  angles 
EDC  and  ECD,  are  equal  (F43).  His  plan  is  to  prove  that  they  are  equal  by  proving 
that  the  sides  of  the  triangle  EDC  are  equal  (F42-F45). 


Table  3.  Protocol  excerpt  from  Subject  SI. 


F42.  yes  now  I  am  thinking  about  whether  one  can  prove  that  these  two  sides  [DE, 
EC]  are  equally  long 

F43.  because  if  they  are  then  those  two  angles  [EDC,  ECD]  which  are  just  the 

remaining  parts  of  those  angles  which  I  want  to  get  [ADE,  BCD]  must  be  equally  long 

F44.  so  then  this  and  that  angle  [ADE,  BCD]  must  be  equally  big 

F45.  and  then  the  problem  is  solved 

F46.  so  it  is  now  a  question  of  proving  that  it  is  isosceles 

F47.  that  triangle  [EDC] 

F48.  and  that  I  cannot 

F49.  but  perhaps  one  can  do  it  in  some  other  way 
(What  are  you  thinking?) 

F50.  well  now  I  am  thinking 
F51.  well  it  is  the  same  problem 
F52.  but  from  another  angle 
F53.  yes  if  this  one 

F54.  is  those  two  lines  [ED,  EC]  are  equally  long 

F55. 1  am  thinking 

F56.  yes  but  they  must  be 

F57.  since  they  are  parts  of 

F58.  it  is  congruent 

F59.  these  two  here  are  congruent  [triangles  EDA,  ECB] 

F60.  and  it  is  [ED,  EC]  corresponding  sides  in  the  triangles  [EDA,  ECB] 

F61.  therefore  these  two  sides  [ED,  EC]  are  equally  long 


This  goal  is  reformulated  as  proving  that  the  triangle  EDC  is  isosceles  (F46-F47). 
This  view  of  the  problem  leads  to  an  impasse  (F48-F49).  Prompted  by  the 
experimenter  to  continue  to  think-aloud,  he  states  that  he  is  thinking  about  the  same 
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D  C 


Prove  angles  ECD  and  CDE  congruent. 
Figure  1.  Problem  1. 


C 


Prove  line  segments  AG  and  BD  congruent. 
Figure  4.  Problem  2. 


Figure  5.  Analysis  of  S2's  re-encoding  process.  Perceived  geometric  figures 
are  drawn  in  bold  lines,  the  rest  of  the  figures  in  broken  lines. 
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problem  but  from  another  angle  (F50-F52):  he  has  re-encoded  ED  and  EC  as  lines 
(F54).  The  goal  is  still  to  prove  them  congruent  (F53-F55).  He  suddenly  realizes  that 
ED  and  EC  are  corresponding  sides  of  the  two  triangles  EDA  and  ECB,  which  he  has 
already  proved  congruent  (F56-F61).  Figure  3  shows  a  diagrammatic  analysis  of  the 
process  with  perceived  geometric  objects  in  bold  lines  and  the  rest  of  the  diagram— the 
background— in  broken  lines.  The  subject  quickly  completed  the  correct  solution. 

Case  3:  Hint-driven  restructuring.  S2  attempted  Problem  2  (see  Figure  4)  after 
having  learned  the  five  theorems  in  Table  1,  plus  four  others.  She  decided  to  prove 
triangles  AED  and  BEG  congruent  and  quickly  reached  an  impasse.  The  protocol 
excerpt  in  Table  4  begins 

Table  4.  Protocol  excerpt  from  Subject  S2. 

(What  other  triangles  could  be  congruent?) 

F109.  what  others 

FI  10  could  there  be  others  which  are  congruent 
Fill,  huh 

(That  could  be.  You  have  now  been  working  the  hypothesis  that  the  whole  point  is  to 
prove  that  those  two  triangles  [AED,  BEG]  are  congruent.) 

F112.  yes 

(And  just  now  you  reached  the  conclusion  that  you  cannot  do  that  with  the 
information  you  have.  Can  you  find  two  other  triangles  which  one  can  find  which  one 
could  believe  could  be  congruent?) 

F113.  congruent  exactly  alike 

FI  14.  no  that  is  impossible  there  are  no  others 

FI  15.  it  cannot  be 

F116.  there  are  only  one  other 

FI  17.  also  hypothetically  then  this  line  here 

FI  18.  then  there  are  two  here 

FI  19.  and  those  two  here  can  surely  never  be  congruent 
F120.  these  two  here  can  surely  never  be  congruent 
F121.  no  I  do  not  understand  that 
F122.  but 
F123.  now  I  see  it 

F124. 1  have  forgotten  this  one  here  [AGB  or  BDA] 
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Figure  3.  Analysis  of  Si's  re-encoding  process.  Perceived  geometric  figures  are  drawn  in  bold  lines,  the  rest  of  the  figures  in  broken  lines. 
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when  the  experimenter  gives  her  the  hint  that  there  are  other  pairs  of  triangles  in  the 
figure  that  might  be  congruent.  She  first  rejects  this  suggestion  (F113-F115).  She 
then  runs  through  the  triangles  in  the  figure  (F113-F121),  and  concludes  that  there 
are  no  other  congruent  triangles  in  the  figure  (F121).  She  then  suddenly  sees  the 
triangles  AEG  and  BDA  (F123-F124).  Figure  5  shows  a  diagrammatic  analysis  of  the 
process  with  perceived  geometric  objects  drawn  in  bold  lines  and  the  rest  of  the 
diagram  drawn  in  broken  lines.  In  spite  of  this  restructuring,  the  subject  failed  to 
solve  the  problem. 


Discussion 

The  restructuring  process  revealed  in  these  three  protocol  excerpts  consists  in 
re-encoding  the  given  figure.  The  diagram-the  set  of  lines  on  the  paper-contains 
within  it  a  large  number  of  different  geometric  objects  (angles,  sides,  triangles,  etc.). 
Only  some  of  those  geometric  objects  are  perceived  at  any  one  time.  The  others  recede 
into  the  background.  In  particular,  if  a  line  configuration  is  perceived  in  one  way, 
then  alternative  encodings  of  that  same  line  configuration  recede  into  the 
background.  Restructuring  consists  of  switching  to  one  of  the  alternative  encodings. 
How  does  the  switching  mechanism  work?  The  data  suggest  that  re-encoding  is  done 
by  re-parsing  the  diagram.  During  initial  problem  perception  complex  objects  (e.  g., 
triangles)  are  constructed  out  of  simpler  objects  (e.  g.,  lines).  This  process  is  a  search 
through  a  description  space  (Ohlsson,  1984b).  Alternative  interpretations  of  the 
perceptual  information  are  possible,  so  some  choices  are  made,  resulting  in  a 
particular  encoding  of  the  given  diagram.  When  an  impasse  forces  the  problem  solver 
to  re-encode  the  problem,  he/she  backs  up  in  the  description  space,  dismantles  his/her 
previous  encoding,  and  traverses  another  path  through  the  description  space.  This 
process  breaks  an  impasse  by  allowing  other  operators  (geometric  theorems)  to  apply 
to  the  current  state.  Restructuring  is  a  rare  event:  There  was  approximately  one 
restructuring  event  per  hour  of  problem  solving  effort  in  the  present  study. 
Restructuring  does  not  necessarily  lead  to  insight:  In  two  of  the  three  excerpts 
presented  above,  the  subject  failed  to  solve  the  problem.  This  study  supports  the  idea 
that  diagram  parsing  is  central  in  geometry  (Koedinger  &  Anderson,  in  press),  but 
the  validity  of  the  re-parsing  mechanism  for  other  domains  than  geometry  remains 
an  open  question.  For  example,  a  different  mechanism  seems  to  be  responsible  for 
re-encoding  of  the  Mutilated  Checker  Board  Problem  (Kaplan  &  Simon,  in  press). 
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of  Naval  Operation 

OP-11U2 

Department  of  the  Navy 
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Center  for  Learning  Technology 

Education  Development  Center 

55  Chapel  Street 
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Dr.  Barbara  Hayee-Rotb 
Knowledge  Systems  Laboratory 
Stanford  Unheraity 
701  Welch  Road 
Palo  Alto,  CA  94304 

Dr.  Frederick  Hayea-Roth 

Teknowtedge 

P.O.  Bos  10119 

1850  Embarcadero  Rd. 

Palo  Aha,  CA  94303 

Dr.  Jamm  Hendler 
Dept,  of  Computer  Scieoce 
Unrveraity  of  Matyiand 
College  Part.  MD  20742 

Dr.  Jamm  Hiebert 
Department  of  Educational 
Development 
Unrveraity  of  Delaware 
Newark,  DE  19716 

Dr.  Geoffrey  Hinton 

Computer  Science  Department 
Unrveraity  of  Toronto 
Sandford  Fleming  Building 
X)  King's  College  Road 
Toronto,  Ontario  M5S  1A4  CANADA 

Dr.  Jamm  E.  Hoffman 
Department  of  Pqrcbology 
Unrvetaity  of  Delaware 
Newark.  DE  19711 

Dr.  Keith  Holyoak 
Department  of  Paycbotogr 
University  of  California 
Lee  Angeles,  CA  90024 

Me,  Julia  &  Hough 
Cambridge  Unrveruty  Pram 
40  Weet  20th  Street 
New  York.  NY  10011 

Dr.  Wiliam  Howe* 

Chief  Soentet 
AFHRL/CA 

Brooke  AFB.  TX  78235-5601 

Dr.  Steven  Hunks 
3-104  Educ.  N. 

Unrvetaity  of  Alberta 
Edmonton,  Alberta 
CANADA  T6G  2GS 

Dr.  lack  Hunter 
2122  Coobdge  Street 
Lancing  Ml  48906 

Dr.  Bonnie  B.  John 
Ween  Had  8124 

Department  of  Computer  Science 
Carnegie  Me#oo  University 
Pittsburgh.  PA  15213 

Dr.  Daniel  B.  Jones 
US.  Nuclear  Regrlatoey 
Commission 
NRRrtLRB 

Washington,  DC  20555 

Mr.  Paul  L  Jones 

Research  Diviston 

Chief  of  Naval  Technical  Training 

Budding  Eaat-1 

Naval  Air  Stacroo  Memphis 

Mdingon,  TN  30054-5056 


Mr.  Roland  Jones 
Mitre  Corp.,  K-203 
Burlington  Road 
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Dr.  Marcel  Juat 
Caraegm-MeOoo  Unrveraity 
Department  of  Ptycfaoiogy 
Scheniey  Pact 
Pittsburgh,  PA  15213 

Dr.  Ruth  Kanfer 
Unheraity  of  Minneaou 
Department  of  Psychology 
EKott  Hal 
75  E.  River  Road 
Minnaapoiie,  MN  554S5 

Dr.  Michael  Kaplan 
Office  of  Banc  Reaeanh 
US.  Army  Reaeanh  Institute 
5001  Euenbower  Avenue 
Alcmndria,  VA  22333-5600 

Dr.  A  KanmlofT-Smitb 
MRCCDU 
17  Gordon  Street 
Loodoo 

ENGLAND  WC1HOAH 

Dr.  Milton  S.  Kaa 
European  Scienoe  Coordination 
Office 

US.  Army  Reaeanh  Insliuile 
Boa  65 
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Dr.  Frank  Kal 
Department  of  Peycfaotogy 
228  Uric  Hal 
Cornel  University 
Ithaca,  NY  14850 

Dr.  Wendy  Kellogg 

IBM  T.  J.  Wetaon  Reaeanh  Ctr. 

P.O.  Boa  704 

Yotktown  Heights.  NY  10598 

Dr.  Douglas  KeDy 
University  of  North  Carolina 
Department  of  Stalietics 
Chapel  Hid.  NC  27514 

Dr.  David  Kicrae 

Technical  Communication  Progam 
TIDAL  Bldg,  2360  Boouteet  Btvd 
Unrversrfy  of  Michigan 
Ann  Arbor.  MI  48109-2108 

Dr.  Tbocnaa  Kiilion 
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Dr.  Jeremy  Kilpatrick 
Department  of 
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Athena.  GA  30602 

Dr.  J.  Peter  Korea) 

Army  Research  Institute 
Orlando  Field  Unit 
do  PM  TRADE-E 
Orlando.  FL  32813 

Dr.  Walter  Kintacb 
Department  of  Psychology 
University  of  Colorado 
Boulder,  CO  803094345 

Dr.  Ala  Kitfick 
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Harvard  Unmernty 
123 *  Wiliam  jama  Hal 
33  Kirkland  Sl 
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Dr.  Kailb  Kramer 
Ha  Lab,  Coda  5530 
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Waabmpon.  DC  20375-5000 

Dr.  Cary  Kreaa 
428  Spacer  Avenue 
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Univanity  of  Ptaaburgb 
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Carnage- Medon  Univaniry 
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Dr.  Doria  K.  Lidtka 
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Dept  of  Geography 
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Or.  Sandra  P.  Martha! 
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San  Diego,  CA  92182 
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Centre  for  Matba  Education 
Matbeaaatim  Faculty 
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Dr.  Mancon  M.  Matthew* 
Department  of  Computer  Science 
Uoneniry  of  South  Carolina 
Columbia.  SC  29208 

Dr.  Richard  E.  Mayer 
Department  of  Peycbotegr 
Univcnity  of  CaKfocnia 
Sanu  Barbara.  CA  9310* 

Dr.  David  J.  McGuinnem 
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800  Florida  Avenue,  N.E 
Waabingtno.  DC  20002 

Dr.  Joeeph  G  McLacbian 
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Navy  Peraonod  RAD  Center 
San  Diego,  CA  92152-4800 
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1424  Kobenbavn  K 
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Dr.  Arthur  M timed 
Computer  Arta  and 
Fducaiinn  Laboratory 
Neat  York  Unherwey 
719  Broadway,  12tb  door 
New  York.  NY  10003 

Dr.  Joe*  Maatr* 

Department  of  Pbyaica 
Haabrouck  Laboratory 
Untverwty  of  Mamacbuaatn 
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Science  and  Eng-.  Education 
National  Science  Foundation 
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San  Diego,  CA  92152-4800 

Dr.  Melvin  D.  Monremerto 
NASA  Headquarter* 
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Waahiogtoo.  DC  20544 

Prof  John  Morton 
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17  Gordon  Street 
London  WC1H  OAH 
UNITED  KINGDOM 

Dr.  Alan  Munro 
Behavioral  Technology 
Laborecorie*  -  USC 
25*  N.  Harbor  Dr,  Suke  309 
Redondo  Beach.  CA  90277 

Dr.  Wiliam  R.  Murray 
FMC  Corporation 
Central  Engineering  Labe 
1205  Coleman  Avenue 
Boa  580 

Sana  Clara.  CA  95052 

Chair.  Department  of  Weapon*  and 
Syvtemr  Engineering 
US.  Naval  Academy 
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Dr.  T.  Nibiaa 
Tba  Turing  Ineckuc* 

Georga  Bourn 
34  North  Hanover  Street 
Giaagow  G1  2AD 
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San  Diego.  CA  921524800 
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Unhenity  of  Soutbara  California 
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Unhandy  of  Caaforma.  Irvine 

Room  2D-45* 
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Prof  Tomato  Poggio 

600  Mountain  Avenue 

Maaaachuaena  Institute 

Murray  Hid.  NJ  07974 

Dr.  Sradao  Otdaaon 

of  Technology  E25-201 

Learning  RAD  Center 

Center  for  Biotopcal 

Dr.  Alan  H.  ScfaoenfeJd 

Unhandy  of  Pittsburgh 

laformatioo  Processing 

Univcraky  at  California 

Pittsburgh  PA  15200 

Cambridge,  MA  02159 

Department  of  Education 

Berkeley,  CA  94720 

Dr.  Jamm  a  Oban 

Dr.  Peter  Poison 

WTCAT  Systems 

1*75  South  State  Street 

Unhandy  of  Colorado 

Department  of  Prythology 

Lowed  Scfeoer 

Oran,  UT  84058 

Boulder.  CO  803090545 

Foundationa 

Coliege  of  Education 

Dr.  Cay  M.  Olson 

Dr.  Steven  E.  Podrock 

Unhendy  of  Iowa 

Cognitive  Sdanca  and 

Boeing  Advanced  Technology  Center 

Iowa  City.  IA  52242 

Machine  intettfence  Lata 

PO  Box  24549  m/i  7L44 

Unhendy  of  Michigan 

Seattle.  WA  98124 

Dr.  Janet  W.  Schofield 

701  Tappan  Street 

819  LRDC  Budding 

Ann  Arbor.  Ml  48100-1254 

Dr.  Joseph  Paotka 

Unhendy  of  Pittsburgh 

ATTN:  PERI-IC 

5959  O’Hara  Street 

Dr.  Judith  Redman  Olson 

Army  Research  Institute 

Pittsburgh.  PA  15290 

Graduate  School  of  Business 

5001  EJacnhoaar  Ave. 

Unhandy  of  Michigan 

Alexandria.  VA  22355-5900 

Dr.  Kay  Schulte 

Arm  Arbor.  Ml  48100-1254 

Computer  Science  Dept 

Mr.  PadS  Rau 

US.  Naval  Academy 

Office  of  Naval  Research. 

Coda  U-55 

Aonapolia.  MD  21402-5018 

Code  U42CS 

Naval  Surface  Weapons  Center 

800  N.  Quincy  Street 

White  Oak  Laboratory 

Dr.  Miriam  Schuatack 

Arlington.  VA  22217-5000 

SOwr  Spring  MD  20903 

Code  52 
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Navy  Personnel  RAD  Center 

Dr.  Jamm  A  Reggia 

San  Diego.  CA  92152-9800 

Dr.  Judith  Oneanu 

Unhenity  of  Maryland 

Basic  Research  Office 

School  of  Medicate 

Dr.  Judith  W.  Sega 1 

Army  Research  Institute 

Department  at  Neurology 

OER1 

5001  Eiaanhoaier  Avenue 

22  South  Greene  Street 

555  New  Jersey  Ave.,  NW 

Alexandria,  VA  22555 

Baltimore.  MD  21201 

Washington.  DC  20208 

Dr.  Jesse  Ortanaky 

Dr.  J.  Wealcy  Regian 

Dr.  Robert  J.  Seidel 

Institute  for  Defense  Analyse* 

AFHRL/IDI 

US  Army  Research  Institute 

1801  N.  Real  regard  Sl 

Brooks  APB.  TX  78255 

5001  Eisenhower  Ave. 

Alexandria.  VA  22511 

Dr.  Fred  Reif 

Alexandria.  VA  22353 

Dr.  Everett  Palmer 

Physics  Department 

Dr.  Colleen  M.  Seif  on 

Mail  Stop  259-5 

Unhenity  of  California 

Institute  for  Cognitive  Science 

NASA-Ames  Research  Center 

Berkeley,  CA  94720 

Mad  Code  0015 

Moffett  Field.  CA  94005 

Unhendy  of  California,  San  Diego 

Dr.  Chariot  M.  Reigeiuth 

U  Joda.  CA  92093 

Dr.  Okchoon  Part 

530  Huntington  Hal 

Army  Research  Institute 

Syracuse  Unhandy 

Dr.  Michael  G.  Shafto 

PERI-2 

SyracuM.  NY  13244 

NASA  Ames  Research  Cl r. 

5001  Eisenhower  Avenue 

Mad  Stop  2391 

Alexandria,  VA  22355 

Dr.  Daniel  Rehberg 

Reed  College 

Moffett  Field.  CA  91035 

Dr.  Roy  Pea 

Department  of  Psychology 

Mr.  Cohn  Sheppard 

Institute  far  Research 

Portland.  OR  97202 

AXC2  Block  3 

on  Learning 

Admiraldy  Research  Establishment 

2550  Hanover  Street 

Dr.  Lauren  Resnick 

Ministry  of  Defence  Poctadown 

Palo  Ado,  CA  94504 

Learning  RAD  Center 

Portsmouth  Hants  P094AA 

Unhendy  of  Pittsburgh 

UNITED  KINGDOM 

Dr.  David  N.  Perkins 

3939  OHan  Street 

Project  Zero 

Pittsburgh,  PA  152D 

Dr.  Lee  S.  Sbtdman 

Harvard  Graduate  School 

School  of  Education 

of  Education 

Dr.  J.  Jeffrey  Rxhardaon 

507  Cana 

7  Appian  Way 

Center  for  Applied  AJ 

Stanford  Unhendy 

Cambridge.  MA  0208 

Colege  of  Burinem 

Unhendy  of  Colorado 

Stanford.  CA  94305-5084 

Dr.  C  Pemno,  Chair 

Boulder.  CO  80509M19 

Dr.  Randal  Shtanakar 

Dept,  of  Psychology 

Naval  Research  Laboratory 

Morgan  Stats  Unhandy 

Dr.  Edwine  L  Rimiand 

Code  5510 

CoM  Spring  La-Hihen  Rd. 

Dept  at  Computer  and 

4555  Overlook  Avenue.  S.W. 

Satumore.  MO  21259 

laformatioo  Science 

Unhendy  of  Massachusetts 

Washington.  DC  20375-5000 

Dr.  Nancy  N.  Parry 

Ambent,  MA  01003 

Dr.  Edward  SOwr 

Naval  Edncition  and  Training 

LRDC 

Pmyvm  Support  Activity 

Mr.  William  A  Rimo 

Unhendy  of  Pittsburgh 

Coda-047 

Coda  71 

5939  O'Han  Street 

Budding  2455 

Naval  Training  Sydami  Center 

Pittsburgh  PA  15290 
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Orlando.  FL  52815 
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Or.  Herbert  A.  Simon 
Department  of  hycfaologr 
Carnegie- Maion  University 
Scbenley  Pvt 
Pittsburgh.  PA  15213 

Robert  L.  Simpson.  Jr. 
DARPA/STO 
1400  Wikon  Bhd. 

Arinyoa.  VA  22204-2300 

Or.  2ju  M.  Simula 
Chi eC  Technologies  for  SUI 
Acqumtion  end  Retention 
AR1 

S40I  Eisenhower  Avenue 
Aienakie.  VA  2033 

Dr.  Derek  Sieeman 
Computing  Science  Depeetment 
The  Uwvemcy 
Aberdeen  AB9  2FX 
Scotland 

UNITED  KINGDOM 

Me.  Ceil  K.  Slemon 
LOGICON,  Inc. 

P.O.  Bob  85158 

Sen  Diego.  CA  92138-5158 

Dr.  Edvard  a  Smith 
Department  of  Psychology 
Univerriry  cl  Michigan 
330  Packard  Road 
Ann  Arbor.  Ml  48103 

Dr.  Alfred  P.  Smode 
Code  7A 

Reeeanh  and  Development  Depc 
Naval  Training  Syetcma  Center 
Orlando,  PL  32813-7100 

Dr.  Elliot  Sokmtgr 
Yale  Unrveraay 

Computer  Scianoa  Department 

P.O.  Boa  2158 

New  Haven.  CT  06S20 

Linda  B.  Sonero 

IBM-Loa  Angelm  Scientific  Center 
8001  Wilehira  Bhd-  4th  Floor 
Loe  Angelee  CA  90025 

N.  &  Sridharan 
FMC  Corporation 
Boa  580 

1285  Coleman  Avenue 
Santa  Clara,  CA  45052 

Dr.  Marten  Steam 
SR]  International 
333  Rwenmrood  Ave. 

Room  B-5124 
Menlo  Part.  CA  44025 

Dr.  Friedrich  W.  Steeps 
Bundaemalinenum 
dea  Verteidiying 
Poatfach  1328 
D-5300  Bonn  1 
WEST  GERMANY 

Dr.  Frederick  Si  rath  near 
OA-ORD 
Aaam  Budding 
Waahinyon.  DC  20505 

Dr.  Smd  Sternberg 
Unhandy  of  Paonaybiaoh 
Depanmaot  of  Psychology 
3815  Wadrut  Street 
PUedalphm,  PA  141*4-414* 

Dr.  Ronald  StamMr 
Oak  Ridge  Am  Unh. 

P.O.  Bob  117 

Otik  Ridge.  TN  37831-0117 


Or.  Devid  E  Stone 
Ccimpiaer  Teaching  Corporation 
1713  South  Ned  Street 
Urbane.  IL  *1820 

Or.  Patrick  Suppee 
Stanford  Unhandy 
lnatiuite  for  Mathematical 
Studim  in  the  Social  Science! 
Stanford.  CA  44305-4115 

Dr.  Party  W.  Tbomdyke 
FMC  Corporation 
Central  Engineering  Labe 
1205  Cnhown  Avenue.  Boa  580 
Santa  Clara.  CA  45052 

Or.  Sharon  Tkaa 
Aden  Corporation 
209  Madiaon  Street 
Alsandria,  VA  22314 

Dr.  Dougtaa  Tovne 
Behavioral  Technology  Laba 
Unhcnity  of  Southern  California 
250  N.  Harbor  Dr-  Suite  304 
Redondo  Beech.  CA  40277 

Major  D.  D.  Tucker 
HOMC  Code  MA.  Room  4023 
Waehblgton.  DC  20380 

Dr.  Paul  T.  Taohig 
Artsy  Reaearch  lnatiuite 
ATTN:  PER1-RL 
5001  Eieenhoaer  Avenue 
Alexandria.  VA  22333-5400 

Dr.  Zda  E  Tyer 
Department  of  Payehology 
Georg!  Mason  Unhandy 
4400  Unhandy  Drive 
Fairfax.  VA  22030 

Dr.  Harold  P.  Van  Con 
Committee  an  Human  Feetort 
National  Academy  of  Sciences 
2101  Conetitu tioo  Avenue 
Wmfadiyoo.  DC  20418 

Dr.  Kurt  Van  Lcbn 
Department  of  Payehology 
Carnegie- Mcdoo  University 
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Dr.  Jerry  Voy 

Navy  Pommel  RAD  Center 
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San  Diego.  CA  421524800 

Dr.  Thomas  A  Warm 
PAA  Academy  AAC934D 
P.O.  Box  25082 
Oklahoma  City,  OK  73125 

Dr.  Beth  Warren 
B8N  Laboratories,  Inc 
10  Moukon  Street 
Cambridge,  MA  02238 

Dr.  Dim  Weems 
Department  at  Educational 
Development 
Unhandy  of  Delaware 
Newark,  DE  14711 

Dr.  Sbdt-cung  Wan 
Department  of  Payehology 
Jacket*!  Slate  Unhandy 
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